SUMMARY
INTRODUCTION
During the last several decades, there has been a rapid growth of globalisation of industry, and the expansion of manufacturing has been a key driver of economic growth, enabled by the changes in geopolitical relations due to the development of global supply chains. Multinational enterprises and many other companies are expanding global sourcing of raw materials, equipment, intermediate items and finished items, in conjunction with global manufacturing and marketing. Oum and Park [1] have noted that due to the development of economic and market globalisation, managing the material flow from raw materials to retailers has emerged as a critical aspect of rapid internationalisation. However, both above-mentioned manufacturers and retailers often strive to diminish the shipping cost of commodities. The mode choice of manufacturers could have a considerable impact on the amount of CO2 emitted for the transportation of items. In the past, most manufacturers managed domestic supply chains and abided by regulatory mandates or faced the risk of being penalised. With the widespread concern over global warming, many countries have committed themselves to reducing carbon emissions by setting emissions targets. In the recent years, many airlines have also begun striving to reduce carbon emissions generated in the course of air transportation. According to a research report [2] on "CO2 emissions from fuel combustion" published in 2016 by the International Energy Agency, between 1990 and 2014, CO2 emissions from international transport rapidly grew. Chao [3] proposed a framework for assessing carbon emissions in different phases of flight during air cargo transportation and estimated increases in transportation costs for the airline.
For the reasons mentioned above, some enterprises focused on improving the supply chain efficiency by optimising freight transportation and reducing greenhouse gas emissions and air pollution. Some studies [4, 5] also noted that a relatively smaller amount of generated CO2 can also enhance brand reputation and sales appeal. Sgouridis et al. [6] pointed out five economic policies for reducing the CO2 emissions of commercial aviation including: (1) technological efficiency improvements, (2) operational efficiency improvements, (3) use of alternative fuels, (4) demand shift and (5) carbon pricing. As recommended by Srivastava [7] the way of cutting carbon emissions includes the use of environmentally friendly raw materials and green packaging as well as efficient energy in manufacturing, distribution and storage processes. In a practical example, Walmart mandated the upstream supplier (manufacturer) to reduce carbon emissions and released the time framework for emission reduction targets. Some literatures also considered this issue in their research. Memaria et al. [8] provide a logistic model for JIT distribution by taking different carbon emission constraints into account. Piecyk and McKinnon [9] pointed out the baseline trends in logistics and supply chain management and associated environmental effects up to 2020. Aksoy et al. [10] proposed a framework for a fuel consumption and CO2 emission calculation model by taking vehicle technical specifications, vehicle load and transportation distance into account. McKinnon [11] proposed the discrepancy results between the waterborne freight and air cargo in accumulating CO2 emission. Next, McKinnon and Piecyk [12] proposed a method for estimating CO2 emission from road freight transport in different ways, due to the accumulation of carbon dioxide from road haulage in the UK. If the passengers travel abroad, they should avoid air transportation for reducing the CO2 emissions. An increasing number of recent publications and empirical studies have evidenced the negative environmental influences of CO2 emission in green supply chain [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, with regard to the present CO2 emission, there have been numerous studies in the literature dealing with the impacts of different emission sources on transportation. In fact, as opposed to the previous studies, there has been relatively little research conducted on the effect of CO2 emission on manufacturing. Taking into account "CO2 emissions" and "green supply chain" in the earlier paragraph of this section, we can consider CO2 emissions from the manufacturing industries. Rework has gathered great importance in green supply chain, since it can reduce production cost and environmental problems. Actually, in recent years, new research studies have tackled the issue of CO2 emissions in the manufacturing industry mostly focussing on economically developed regions and countries, such as North America, Japan and Europe. Approximately 35% of CO2 emission originated in China which is at the top of the world's greenhouse CO2-emitting countries. Therefore, CO2 emissions in China's manufacturing industry should receive more attention and be comprehensively studied. Chang and Lahr [22] explored CO2 emissions in China's manufacturing industry using the structural decomposition method. Xu and Lin [23] confirmed the effect of industry's CO2 emission on different regional levels and proposed a policy to mitigate CO2 emissions in the manufacturing industry.
On the other hand, in practical terms, the manufacturing process in imperfect production facilities usually causes defective items. Seminal work on a multi-stage production system with the rework of defective items was carried out by Chakraborty and Rao [24] . Sarker et al. [25] indicated two issues that need to be discussed in a multi-stage production system which is reworking defectives: whether we can assess the specific situation (a) within the same cycle, and (b) after N cycles. Cárdenas-Barrón [26] further corrected the mathematical expressions presented by Sarker et al. [31] . The findings of Pearn et al. [27] referred to a two-stage production system with the imperfect process of the capital investment which has been carried out. Chang and Ouyang [28] employed an arithmetic-geometric mean inequality method to determine the optimal production lot size and backorder level in the above production system, whereas most of the literature on imperfect process deals only with the demotic manufacturers. This paper aims to discuss the application of an international supply chain.
PROBLEM DESCRIPTION
Recently, with a rapidly growing consumer electronics in China, Taiwan's semiconductor supply chain has found itself at a crucial juncture. Taiwanese companies play a critical role in all three main stages in the production system: design, foundry (or manufacture), and assembly and testing. Consumer electronics with a steadier demand go to the market in a supply chain: via coastal distribution centres and large drop-ship orders to retail partners in China. End products travel via smaller regional distribution centres located closer to demand inland in China. Since many retailers in China accept cash-on-delivery payments, they will consider the fluctuation of exchange rate in the integrated supply chain. The purpose of the research presented in this paper is to examine the carbon dioxide (CO2) emissions policy in logistics within the two-stage model proposed by Pearn et al. [27] . The problem was composed of a manufacturer in Taiwan and a retailer in China with finished products flowing from a plant to DCs (International airport) and from there to the retailers. For this reason, most of the manufacturing industries are involved in automatic-manual (two-stage) assembly system such as aerospace industry, precise industry, consumer electronics, TFT-LCD, light electric vehicle industry, cell phone, and green energy industry, etc.
We formulated the two-stage production system to minimise the cost, while the production run time and defective rates in manual stages are decisive variables in a single vendor-retailer two-level green supply chain (one manufacturer and one retailer). The existence and uniqueness of the optimal solutions for the decision variables are proven. A simple algorithm is also developed for finding the optimal solutions. Finally, the numerical example, consisting of in-depth interviews from the company, is presented.
The remaining sections of this paper are organised as follows:
I.
In Section 3, the notation and assumptions adopted in this paper are presented.
II. In Section 4, we developed a mathematical inventory model for a two-stage assembly system with imperfect processes and carbon emission constraints in a single manufacturer-retailer and two-level integrated supply chain.
III. In Section 5, a numerical example and sensitivity analysis are provided to illustrate the features of the proposed model.
IV. Finally, the conclusions and suggestions for future research are given in Section 6.
NOTATION AND ASSUMPTIONS

NOTATION
In this paper, we proposed the following system parameters and decision variables. 
SYSTEM PARAMETERS
ASSUMPTIONS
In addition, the following assumptions are used in the development of the model:
(1) The production cycle repeats infinitely. (3) The production rates of the two stages meet the condition 1 2 P P d > > .
(4) The rework time of defective items is disregarded.
(5) The shipping costs include transportation cost and emission cost on warehousing and distribution, and they can be categorised into fixed and variable costs. The variable cost depends on the amount of transport.
(6) Based on Wahab et al. [29] , a long-term exchange rate is
η e + = in the international supply chain, where σ is the uncertain volatility, λ is mean-reversion rate, and ζ is long-term average level.
(7) Assuming the quality target of automatic stage (Stage 1) is already accepted due to the standard equipment maintenance but the manual stage (Stage 2) still needs to improve by investing the training education, fixture, mould, tool, etc. Therefore, the percentage of defective finished items is a decisive variable of yield target.
While considerable attention was previously attributed to research issues related to minimising environmental impact, the literature on issues of a two-stage production system in a single vendor-retailer two-level green supply chain has emerged rather slowly and in a more scattered way. Recently, more and more international companies have been changing their practices in order to reduce the environmental impact of their activities. Little research has been done on the two-level integrated green supply chain. We will provide a more elaborated theoretical background in the next section. 
MATHEMATICAL FORMULATION
Under the notation and assumptions in the previous section, the models are formulated for the cost minimisation problem of the manufacturer and the retailer. The total cost per unit time consists of eight elements: setup cost, holding cost, shortage cost, rework costs, production cost, screening cost, shipping cost, and investment cost. This research may be vital in laying the groundwork for understanding how to determine the optimal production run time, the shortage time period, and percentage of defective finished products such that the total cost per unit time in the two-level green supply chain is minimum. Below is Figure 2 which shows the graphic representation of the inventory.
In reference to Figure 2 , the following results are obtained:
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3. Shortage cost per cycle (denoted by SC, i.e., the compensation fee for the customer):
4. Rework cost per cycle (denoted by RC):
RC r n r n r θ r θ P t = + = +
Production cost per cycle (denoted by PC):
pl 1 3 PC c P t =
6. Screening cost per cycle (denoted by DC): 1 3 DC δP t =
7. Shipping cost per cycle (denoted by EC): Therefore, the total cost per unit time 
AC( t ,t ,θ ) K HC SC RC PC DC EC T
In order to solve this nonlinear programming problem, we will derive the following first-order derivative of 
and:
( )
The necessary conditions for minimising 
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It is discernible from Eq. (16) 
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Then we proceed by evaluating the principal minor determinants of H at the stationary point 
AC(t ,t ,θ )
. Hence, the optimal solution * 3 t 0 → . The production system should not be opened. This completes the proof of (b).
The computations of optimal solutions and steps required in the production system are not complicated. We developed a simple algorithm for finding the optimal shortage period, production run time of Stage 1, and the percentage of defective finished products. The procedure of our proposed algorithm is presented in Figure 3 .
Put into Eqs. (16) and (18) , and can be obtain. In view of Table 2 and Figure 6 , the following results are obtained:
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